INTRODUCTION
============

Preserving primary teeth until the eruption of permanent succeeding teeth is an important goal in pediatric dentistry. Sometimes clinical signs and symptoms indicate pulp involvement with irreversible pulpitis which leads to pulpectomy or tooth extraction \[[@R1]\]. Pulpectomy is the first choice of treatment, although varying success rates have been reported for this (success rates 70-91%) \[[@R2], [@R3]\]. In addition, the treatment requires more time, possibly two appointments, and the procedure may be difficult for general dentists to perform and for young pediatric patients to tolerate.The treatment requires cooperation from the patient and it would therefore sometimes be better for young children to be hospitalized and to undergo sedation or general anesthesia for the treatment procedure. Consequently, some parents opt for extraction of the painful teeth in order to avoid the stress of the extended procedure \[[@R1]\]. This preference for tooth extraction may also be related to financial restrictions \[[@R4]\]. In such a situation, pulp treatment presents a substantial challenge for many dentists, meaning that treatment alternatives with new materials would be welcome.

Vital pulp treatment with materials such as mineral trioxide aggregate (MTA) are explored in studies on new trends in dental biomaterials \[[@R5]-[@R9]\]. The successful use of MTA has been reported for partial pulpotomy of caries-exposed immature permanent teeth \[[@R5]\] and permanent teeth with irreversible pulpitits \[[@R6]\]. The literature also suggests MTA as an alternative for formocresol in primary tooth pulpotomy \[[@R7]-[@R9]\].

Calcium-enriched mixture (CEM, BioniqueDent, Tehran, Iran) cement has been introduced as a new endodontic biomaterial \[[@R10]\].This water-based tooth-colored cement is a biocompatible mixture cement that releases calcium and phosphate ions to form hydroxyapatite to induce the formation of a dentinal bridge \[[@R11]\].The product is alkaline (pH \> 10.5) and releases calcium hydroxide during and after setting \[[@R10], [@R11]\] .The clinical use of CEM cement is similar to that of MTA. As a result, the characteristics of this cement are compared with MTA in some studies, showing a shorter setting and working time for CEM as well as a lower film thickness \[[@R10]\]. CEM cement also shows a superior antibacterial effect \[[@R12]\] and improved handling \[[@R10]\]. Both have similar sealing ability \[[@R12]\]. The stated advantages of CEM cement and its potential effect on healing of the remaining pulp and the induction of dentinal bridge formation have led researchers to recommend use of the material in pulp treatment procedures in permanent teeth such as indirect and direct pulp cap, pulpotomy \[[@R13]-[@R17]\], and root-end fillings \[[@R18]\]. One of the benefits of CEM cement is in the treatment of permanent teeth associated with irreversible pulpitis. The results of some clinical studies suggest vital pulp therapy with CEM as an alternative treatment to root canal therapy in such case with irreversible pulpitis \[[@R13]-[@R17], [@R19]\].

To date, few studies have compared CEM cement and MTA as dressing materials for direct pulp cap and pulpotomy in primary molar teeth, but the small number of papers available have concluded that these biomaterials are suitable for the treatment \[[@R20]-[@R22]\]. However, no published clinical study has yet evaluated the use of CEM cement in pulpotomy in primary molar teeth with irreversible pulpitis. The purpose of this present clinical study was to assess the effect of CEM cement in the pulpotomy of primary molar teeth with irreversible pulpitis.

MATERIALS AND METHODS
=====================

The research protocol was approved by the Human Ethics Review Committee of the Faculty of Dentistry, Shiraz University of Medical Sciences. For this 1-year clinical study, 50 patients aged 6-8 years were selected from 3 Dental Clinics in Shiraz during 2013. All of the parents were told about the study and signed the informed consent.

***Inclusion Criteria:*** Clinical examination revealed extended carious lesion on the primary molar teeth surface not extending toward the root. All of the patients reported a history of pain typical of irreversible pulpitis ie; the chief complaints were of spontaneous pain lasting from a few seconds to several hours in the days before consultation. This radiating pain was exacerbated by hot and cold fluids and required analgesia for pain relief. The pain did not abate following tooth brushing or flossing. All of the parents were willing to join the study. All teeth were believed vital and the vitality of all the subjected molar teeth was checked by the operator during the pulpotomy procedure through visual inspection of pulpal hemorrhage.

***Exclusion Criteria:*** Patients with systemic disease or physical or mental disability, extremely poor oral hygiene, periodontal problems, signs of abscess or fistula or non-physiological tooth mobility and non-restorable teeth were excluded from the study. Teeth with external or internal root canal resorption, or root canal calcification in pre-treatment radiographs were also excluded \[[@R13], [@R14]\]. Teeth where hemostasis could not be achieved were excluded.

***Pulpotomy Procedure:*** The treatment procedure was performed as described for permanent teeth with irreversible pulpitis. After obtaining adequate local anesthesia with 2% lidocaine and 1/80,000 epinephrine (Darou Pakhsh, Tehran, Iran), the surface of the tooth was rinsed with normal saline and cleaned by swab wetted by a 0.2% chlorhexidine oral rinse (Shahre Daru, Tehran, Iran). Pulpotomy procedures were then performed with rubber dam or cotton roll isolation following complete removal of caries using fissure diamond burs (830l/012, Dia Tessin, Vanetti, Gordevio, Switzerland) and round stainless-steel burs. Pulpotomy was performed with a sterile round diamond bur (801/014, Dia Tessin, Vanetti, Gordevio, Switzerland) on a high-speed headpiece with copious water to remove all of the inflamed pulpal tissue. Following pulp amputation, the pulp chamber was irrigated using normal saline as well as cotton pellets wetted with normal saline for 5 minutes until homeostasis was obtained. Teeth where hemostasis could not be achieved were excluded.

The CEM powder and liquid was mixed according to the manufacturer's instruction and a base of approximately 2 mm of CEM cement (BioniqueDent, Tehran, Iran) was placed over the amputation site. A wet cotton pellet was used for adaption of the cement to the tooth walls. Then a further wet cotton pellet was placed over the cement and the teeth were temporarily sealed with zinc phosphate cement. After 1 week the patient was recalled for final restoration of the tooth with amalgam or a stainless steel crown. Prior to tooth restoration, the operator checked that the patient had no pain or clinical problems (ie; tenderness to percussion, swelling, fistula or mobility due to disease). A recall program was arranged for all patients and all of the teeth were evaluated clinically and radiographically. All of the procedures were performed by one operator.

***Clinical Assessment:*** Pain assessment was performed using a visual analog scale (VAS) of faces with a rating of between 0-5, at 24 hours from treatment, and again at 7 days and 3, 6 and 12 months after treatment. Clinical success was also reviewed at 7 days and 3, 6 and 12 months after treatment. The teeth were tested for tenderness to percussion, soft tissue redness, dental swelling, abscess and fistula indicating any extension of inflammation toward the root canals \[[@R13], [@R14]\]. The parents were supplied with a telephone number so that they could inform the dentist of any problems.

***Radiographic Assessment:*** No internal or external root resorption, no loss of lamina dura integrity, no periodontal ligament widening, and no alveolar bone resorption in the periapical region were considered indicative of successful treatment. Presence of radiolucency scored as follows: 0 - no radiolucency; 1 - radiolucency between ¼ of furcation to periapical areas; 2 - radiolucency between ¼ to ½ of furcation to periapical areas; 3 - radiolucency more than ½ of furcation to periapical areas. Teeth with a score of 0 and 1 in which teeth underwent physiologically normal root resorption as well as pulp canal obliteration were considered indicative of successful treatment.

The clinical and radiographic assessments were all performed by the same two calibrated dentists, who calibrated their judgments through the examination of 10 patients. Where there initial was disagreement, consensus evaluations were performed by the two examiners. Data were described using frequency (percentage), mean and standard deviation of each criterion. Also, the McNemar test was used to assess the differences between clinical and radiographic findings after 12 months.

RESULTS
=======

A total of 50 children with the mean age of 7.26 **±**0.82 years met the inclusion criteria. After one day of treatment, 2 of the 50 patients reported increased pain at the first follow-up appointment. The treatment was deemed to have failed for these patients, so the teeth were then treated by pulpectomy and they were excluded from further study. The remaining 48 children were recalled for further follow-up at 7 days, 3, 6 and 12 months. In the 3-month and 6-month follow-up period, one child needed pulpectomy treatment and 2 children changed their place of residence and did not attend their follow-up appointments. At 12 months after treatment, the parents of a further 3 children dropped out of the follow-up evaluation. Therefore only 42 children (23 male and 19 female) attended the 12-month recall appointments.

At 1 day after treatment, 21 (43.7%) children reported light pain and 27 (56.3%) were free of pain. After 7 days, 18 (37.5%) children had very light pain, while 30 (62.5%) reported no pain. There were no reports of any pain in the later follow-up appointments.

At the 7-day and 3-month follow-up sessions clinical examination showed no tenderness following percussion test, no signs of soft tissue redness, swelling, dental abscess or fistula. Only 1 case (2.2%) showed redness and tenderness to percussion at 6 months after treatment (Fig. **[1](#F1){ref-type="fig"}**).

Radiographic evaluation at 6 months after treatment showed 1 case (2.2%) of radiolucency at the furcation area (score 1) and 1 case (2.2%) of widened periodontal ligament. The remaining treated teeth did not show any radiographic changes. Radiographic assessment after 12 months gave the following results: 1 case (2.4%) of internal resportion, 1 case (2.4%) of radiolucency at the furcation area (score 1), 3 case (7.1%) of radiolucency at the furcation area (score 2), and 7 (16.7%) cases showed pulp canal obliteration (Table **[1](#T1){ref-type="table"}**, Fig. **[2](#F2){ref-type="fig"}**).

Overall, successful clinical treatment was seen in 92.8 % of the teeth, with radiographic success of 90.4% where radiolucency at the furcation area (score 1) and pulp canal obliteration were not considered as failure. There was no significant difference between the clinical and radiographic assessment findings (p=0.990).

DISCUSSION
==========

Vital pulp therapy is a procedure in which inflamed pulp tissue is removed and covered with a suitable biomaterial to heal the remaining pulp \[[@R13]\]. Some clinical studies into the use of MTA or CEM cement show that vital pulp therapy as an alternative treatment for permanent teeth with irreversible pulpitis \[[@R5], [@R6], [@R13], [@R23]\].

Dental pain associated with irreversible pulpitis is a major factor in parents seeking dental treatment. The results of the current study showed that more than half of the patients reported no pain after 24 hours and at 7 days from treatment, while some reported very light pain through use of the VAS scale of faces; \[[@R24]\] a nonverbal reporting method used for identifying intensity of pain among young children. Our findings in relation to the reduction of pain are consistent with previous clinical studies in permanent teeth in adults \[[@R13], [@R17], [@R19]\]. However, identification of the intensity of pain by children may be influenced by factors such as their age or previous experience of toothache of varying severity \[[@R24]\].

The present study included 2 instances of severe pain at 24 hours after treatment. This may have been due to the presence of hyperemic dental pulp in the canal irreversible inflammation that was unresponsive to the treatment. In 1 case, tooth tenderness was also observed at 6 months, indicating treatment failure. Overall, however, the clinical success rate of vital pulp therapy with CEM (92%) was almost on a par with pulpectomy outcomes in primary teeth \[[@R2], [@R3]\]. Where no clinical findings were present the teeth were also assessed by radiography, as root canal changes may be present and asymptomatic in some cases. The radiography findings were consistent with previous studies \[[@R15]\], showing a slightly lower success rate than that demonstrated in the clinical findings. Initial radiographic failure could be observed in the furcation area rather than the periapical area following pulp therapy in primary teeth; a phenomenon due to the presence of accessory canals in the floor of the primary molars \[[@R1]\]. According to the findings, involvement of the furcation areas was only present in 3 cases at 12 months after treatment.

Pulp canal obliteration was the most common radiographic change at the end of the current study. This phenomenon occurs due to odontoblastic-like activity leading to narrowing of the pulp canal in radiographic assessment. However, this finding is not considered a pathological failure as the canal pulp may be still vital and the pulp therapy may be considered a success in the absence of clinical symptoms in the teeth \[[@R25], [@R26]\].

Dental pulp response to pulpotomy with CEM cement and MTA in permanent non-carious and non inflamed teeth was assessed by Nosrat *et al.*\[[@R27]\]. Their histological study showed CEM cement is a biocompatible material with hard tissue (hydroxyapatite) induction potential and sealing ability. Other studies have shown that high pulpal connective tissue in caries-exposed teeth with signs of irreversible pulpitis can be healed where stem cells are present in the dental pulp and there is sufficient circulating blood flow \[[@R6], [@R13]\]. The other properties of CEM cement, such as high alkalinity \[[@R10]\] and antibacterial effect \[[@R12]\], may also influence the results.

Vital pulp therapy using CEM offers advantages similar to MTA \[[@R28]\] such as: ease of handling, shorter treatment time and rapid cement application which are important in pediatric dentistry. Also vital pulp therapy with CEM offers an effective alternative treatment to tooth extraction in this group, given the relatively low socioeconomic status of these patients \[[@R29]\].

The main limitations of our study were the limited patient numbers and the possible influence of the young age of the children on their reporting of pain, although the VAS scale was used to mitigate against this factor. Another possible limitation is the lack of histological evaluation of pulp response to the CEM cement in primary teeth. Therefore, we would recommend histological evaluations in future studies. Further clinical studies are also required to assess the effectiveness of CEM cement in primary teeth with irreversible pulpits in the long term in comparison with pulpectomy treatment.

CONCLUSION
==========

Clinical and radiographic findings showed that primary molars with irreversible pulpitis can be successfully treated with vital pulp therapy using calcium-enriched mixture (CEM) cement.
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Number and percentage of radiographic outcome after 6 and 12 months.

  -----------------------------------------------------------------------------------------------------------------------------------------
  Follow Up Time   Periodontal Ligament\   Root Canal   Furcation Area\   Overall Outcome                                        
                   Widening                             Radiolucency                                                             
  ---------------- ----------------------- ------------ ----------------- ----------------- ----------------------- ------------ ----------
  6 months         1 (2.2%)                0(0.0%)      0(0.0%)           0(0.0%)            Score 0= 45 (97.8%)\   45\          1\
                                                                                             Score 1= 1(2.2%)       (97.8%)      (2.2%)

  12 months        0(0.0%)                 1 (2.4%)     0(0.0%)           7(16.7%)          Score 0= 38 (90.5%)\    38 (90.4%)   4 (9.6%)
                                                                                            Score 1= 1 (2.4%)\                   
                                                                                            Score 2= 3 (7.1%)                    
  -----------------------------------------------------------------------------------------------------------------------------------------
